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Description

[0001] A variety of techniques are available for affix-
ing objects such as soft tissue to bone. The oldest tech-
nique utilizes thread passed through the bone and the
tissue to sew the tissue down to the bone. Many sizes,
shapes and types of suture and suture needles are
available to accomplish this task. Today, this method is
still used for repair of tendons and ligaments in older
osteoarthritic patients, although passing a suture
through bone is generally difficult and tedious.

[0002] Soft tissue repairs also have been accom-
plished with metal screws or staples that attach soft tis-
sue to bone. Metal screws and/or staples are, however,
subject to corrosion and consequent loss of structure.
Moreover, the presence of metal in an anatomical site
can interfere with imaging and diagnostic or therapeutic
treatments near the site. For example, any metal im-
plants may have to be removed by surgery prior to mag-
netic resonance imaging. Patient sensitivity to nickel
ions and stainless steel implants has fueled a growing
controversy regarding the use of materials containing
high quantities of nickel including nickel-titanium alloys
such as Nitinol. Also, it is almost impossible to adjust
the compression exerted by screws and staples on soft
tissue. Thus, these devices are not fully satisfactory for
soft tissue repair.

[0003] Other devices employ a suture anchor instal-
lation affixed to an arc of wire or a plurality of barbs dis-
posed on an outer surface of the suture anchor body.
The barbs or arc of wire are set by applying traction to
the suture. Unfortunately, it is not always possible to po-
sition the anchor at a precise location within a bone if
an anchor is being drawn upwards in a bone hole by
applying tension to a suture. Furthermore, many of the
fastening devices require some type of impact or im-
pulse to set the fastener in position. Impact emplace-
ment or setting of bone/suture anchors may result in in-
jury to the patient as well as placing unnecessary strain
on the bone/suture fastener itself.

[0004] US-A-5,207,679 discloses system for attach-
ing an object to a workpiece including an anchor assem-
bly and an installation tool is provided. The anchor as-
sembly includes a body and at least two barbs. The body
has a first portion having a first end, a reduced second
portion having a second end and a middle portion con-
necting the first and second ends of the first and second
portions respectively. The barbs extend from the first
end of the first portion axially and radially outwardly to
outer ends located radially outwardly of an axial projec-
tion of the maximum transverse cross-section of the first
portion. Each barb is curved in its normal unstressed
state, but is capable of being elastically deformed into
longitudinal channels in the middle portion of the anchor
assembly. The anchor assembly is deployed in a hole
in the workpiece by an installation tool which is adapted
to receive the reduced second portion of the anchor as-
sembly in its distal end. The engagement of the second
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portion of the anchor assembly with the installation tool
is re-enforced by axial projections from the distal end of
the installation tool engaging indentations in the outer
surface of the middle portion of the anchor assembly
body. The method of installation includes the steps of
mounting the anchor assembly to the distal end of the
shaft of the tool, aligning the longitudinal axis of the shaft
with the longitudinal axis of the hole, inserting the anchor
in the hole such that the sidewalls of the hole elastically
deform the barbs, and thereafter withdrawing the tool
from the deployed anchor assembly.

[0005] US-A-4,988,351 discloses a soft tissue washer
for use with a cancellous screw for attaching soft tissue,
such as ligaments, to bone has posts disposed on a dis-
tal face of a washer body to limit penetration of sharp
pins extending from the distal face into soft tissue, an
annular recess disposed is the distal face to receive and
clamp soft tissue, recess portions deeper than the an-
nular recess disposed in the distal face to relieve com-
pression of soft tissue, a dished recess in a proximal
face of the washer body to entirely receive the head of
the cancellous screw such that the head does not pro-
trude from the washer and suture retention passages
extending from the dished recess to a lateral rim of the
washer for receiving sutures.

[0006] WO 92/04874 disclose a device having the
features of the preamble of claim 1. The present inven-
tion is characterized by the features of the characteriz-
ing portion of claim 1. Optional features are recited in
the dependant claims.

SUMMARY OF THE INVENTION

[0007] The presentinvention is directed to a novel ap-
paratus for emplacing a bone fastener that eliminates
the problems created by conventional bone fastener
emplacement devices.

[0008] In general, the invention features a bone fas-
tener including an expandable member having an axial
channel and an elongated element inserted into the ax-
ial channel. The expandable member is configured to
be insertible into a bore drilled in bone. The member is
expanded using a continuous, compressive force (i.e.,
pressure without impulse or impact). The expandable
member is grasped at its distal end throughout the em-
placement procedure and is axially released from an
emplacement tool.

[0009] In one embodiment, a fastener for coupling an
object to bone includes an approximately cylinder
shaped member of expandable material for insertion in-
to an opening in a bone, the member including an outer
surface having a structure for expandable engagement
with an inner surface of the bone opening. The expand-
able member has an axial channel defined therein ex-
tending between proximal and distal ends of the ex-
pandable member. A distal end of the expandable mem-
ber includes a means for axially releasing the expand-
able member from a holding means. An elongated ele-
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ment for insertion into the expandable member is includ-
ed, the insertion element including proximal and distal
ends and a channel defined between the ends for en-
gagement with a suture. The distal end of the insertion
element includes a projection for expansion of the axial
channel of the expandable member upon engagement
of the proximal end of the insertion element in the axial
channel of the expandable member. Insertion of the in-
sertion element into the expandable member results in
irreversible expansion of the expandable member to ob-
tain a pressure fit with the opening in said bone.
[0010] Another embodiment is a fastener for coupling
an object to bone that comprises an expandable mem-
ber for insertion into a bone opening, the member in-
cluding an outer surface for expandable engagement
with an inner surface of the bone opening. The expand-
able member has an axial channel defined therein ex-
tending at least partially between its proximal and distal
ends. The distal end of the expandable member com-
prises a means for axially releasing it from a holding
means. An elongated element for insertion into the ex-
pandable member is also included, the insertion ele-
ment having proximal and distal ends and a channel de-
fined at least partially between the proximal and distal
ends for receiving an intermediate portion of a suture.
The means for axially releasing comprises an annular
frangible membrane configured to elongate and fail un-
der tension on application of an axial selective force to
the holding means. In a further embodiment, a washer
with a central bore is included, a portion of the insertion
element being disposed within the central bore of the
washer. Preferred washers are adapted for movement
on the shaft of the insertion element. The washer and
projecting portion of the insertion element each have a
surface in facing relationship and each of the surfaces
have a different radius of curvature to allow for the wash-
er to move relative to the insertion element.

[0011] A further embodimentis a rivet for coupling an
object to bone for use with an expandable member ca-
pable of insertion into an opening in a bone. The rivet
includes an elongated element for insertion into a distal
end of the expandable member, the element having a
shaft with proximal and distal ends. The distal end of the
elongated element includes a radially projection portion
and an outer surface of the shaft including a radially out-
ward projecting portion adapted to expand the expand-
able member. A washer having upper and lower surfac-
es is included, the surfaces defining a bore therebe-
tween. The bore is disposed around a portion of the
shaft of the elongated element, and the washer is adapt-
ed for movementindependent of the elongated element.
In a preferred washer, its lower surface includes a plu-
rality of spaced-apart projections extending towards the
proximal end of said elongated element. The washer
may also include means for enhancing tissue prolifera-
tion on said rivet, such as a plurality of apertures defined
between the upper and lower surfaces of the washer at
a peripheral portion or at least one roughened portion
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of at least the upper surface of the washer. Most prefer-
ably, each of the upper surface of the washer and the
projecting portion of the element respectively have a dif-
ferentradius of curvature to allow for the washer to move
relative to the projecting portion.

[0012] Another embodiment is an expandable mem-
ber for use in a bone fastener. The expandable member
includes a substantially cylindrical outer surface for en-
gagement with an opening in a bone, the member hav-
ing proximal and distal ends and an axial channel ex-
tending at least partially between the ends defining an
inner surface. The axial channel is susceptible to en-
largement by a compressive force acting substantially
orthogonal to this inner surface. A plurality of projections
extend radially outwardly from the outer surface for con-
tacting the bone within said opening upon enlargement
of the channel. A device is engaged with the distal end
of the expandable member for axially releasing it from
an elongated holder. The expandable member further
includes an elongated element inserted into its axial
channel, the insertion element including proximal and
distal ends. The proximal end has a projection for en-
gagement with an inner surface of the channel of the
expandable member, the projection arranged to expand
the member upon insertion into the distal end of the ex-
pandable member.

[0013] The device of the present invention may be
used in a method of attaching soft tissue to bone in-
cludes the steps of providing an expandable member
for insertion into an opening in a bone, the member hav-
ing defined therein an axial channel of a certain diame-
ter. The expandable member also includes a device for
axially releasing it from an emplacement means. Next,
the expandable member is engaged at its distal end by
way of the emplacement means and the expandable
member is inserted into soft tissue and bone while main-
taining engagement with the distal end of the expanda-
ble member. A continuous, compressive force is then
applied to the expandable member to expand the diam-
eter of the axial channel so that an outer surface of the
expandable member engages with the bone. The device
for axially releasing is activated so that the expandable
member is released from the emplacement means
when the continuous force stops. The step of applying
a continuous force praferably comprises inserting an
elongated element into the axial channel of the member,
the element having a projecting portion at an outer sur-
face, engaging the projecting portion of the element with
an inner surface of the axial channel to exert a force
substantially orthogonal to the axial channel, and ex-
panding the member so that the diameter expands with-
in the bone opening as the projecting portion travels
proximately within the axial channel. The device for ax-
ially releasing includes a frangible membrane integral
with the distal end of the expandable member and a
proximal end of the emplacement means. The step of
activating the device for axially releasing includes elon-
gating the frangible membrane axially until it fails.
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[0014] Another method for establishing a fastener in
an opening in a bone comprises providing an expanda-
ble member having a proximal end for insertion into an
opening in a bone and a distal end integral with a holding
means by way of a frangible membrane, the expandable
member having an axial channel of a certain diameter.
The expandable member is inserted into the opening by
way of the holding means and the proximal end of an
elongated element is inserted into the axial channel of
the expandable member at a distal end thereof, the el-
ement having a projecting portion. The elongated ele-
ment is continuously, axially advanced into the axial
channel so that the projecting portion of the element ex-
erts a force substantially orthogonal to the axial channel
and expands the diameter of the axial channel into the
bone opening. The expandable member is then disen-
gaged from the holding means.

[0015] It is an object of the present invention to pro-
vide a bone fastener of simple design and construction.
[0016] It is another object of the present invention to
provide a bone fastener having one or more bioabsorb-
able components.

[0017] Itis a further object of the present invention to
provide a bone fastener that can be set within a bone
hole without requiring the need for a suture.

[0018] Itis yet another object of the present invention
to provide an apparatus for emplacing a bone fastener
that does not require an impact or impulse in order to
deploy the fastener and that allows the operator to ad-
just the force attaching a tissue to a bone.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Figure 1 is a cross-section through the expandable
member useful with of the present invention;
Figure 2 is a cross-section through an expandable
member useful with the present invention in which
the distal end is configured to form a radial projec-
tion;

Figure 3 is a cross-section of an insertion element
useful with the present invention;

Figure 4 is a cross-section of another embodiment
of an insertion element useful with the invention;
Figure 5 is a perspective view of another embodi-
ment of an insertion element and washer useful with
the present invention;

Figure 6 is a cross-section of an embodiment of the
bone fastener in which a proximal projection ex-
tends out of the proximal end of the expandable
member;

Figure 7 is a cross-section of a further embodiment
of Figure 6;

Figure 8 is a cross-section of an elongated, slidable
suture insertion element of Figure 4 in place within
expandable element in a bone opening;

Figure 9 is a cross-section illustrating an insertion
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element rivet and washer of Figure 5 in place within
expandable element in a bone opening;

Figure 10 is a diagram showing emplacement of ex-
pandable member within bone hole using a pre-
ferred holding means;

Figure 11 is a cross-section of one embodiment of
expandable member and holding means of the in-
vention;

Figure 12 is a cross-section of another embodiment
of an expandable member and holding means of the
invention;

Figure 13 illustrates an expandable member em-
placed in a bone hole and an insertion element in
its full frontward position just after axial release from
holding means;

Figure 14 is a cross-section of one type of holding
means adapted for use with an insertion element in
the shape of a rivet;

Figure 15 is an exploded view of an emplacement
apparatus useful with the invention;

Figure 16 is an exploded view of an emplacement
apparatus useful with the invention.

Figure 17 is a cross-section of another embodiment
of an expandable member and holding means use-
ful with the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The bone fastener, according to the invention,
generally includes an elongated insertion element and
an approximately cylindrical expandable member with
an axial channel for receiving the insertion element. In
its unexpended state, the expandable member can be
placed into a pre-drilled opening in a bone. A diameter
of at least a portion of the insertion element is greater
than that of at least a portion of the axial channel so that,
when the element is inserted into the axial channel, the
wider portion of the insertion element is forced outward
against the axial channel. The axial channel is suscep-
tible to enlargement by this force acting substantially or-
thogonal to the axial channel. This outward force causes
the expandable member to expand irreversibly against
the wall of the opening, fixing the insertion element with-
in the expandable member and fixing the expandable
member in a pressure fit firmly within the opening. As
described in more detail below, the insertion element or
the expandable member, or both of them, can be adapt-
ed to provide a fastener for attaching soft tissue using
a suture or to provide a rivet for attachment without a
suture.

A. The Expandable Member

[0021] An embodiment of the expandable member 10
of the present invention is illustrated in Figure 1. The
expandable member is a substantially cylindrical body
having one and another ends; a proximal end 12 that
first enters the bone opening and a distal end 14 farthest
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away from the proximal end. The expandable member
is preferably constructed of a biocompatible material
that is sufficiently deformable so that, when expanded
within a bone opening, the member will conform to a
substantial degree with the irregularities in the bone
opening wall. The term "biocompatible" means that the
expandable member material is chemically and biolog-
ically inert. Suitable materials for the expandable mem-
ber include, for example, an implant grade high density
polyethylene, low density polyethylene (PE 6010 and
PE 2030) and polypropylene (13R9A and 23M2: all
made by Rexene, Dallas, Texas). Of these, PE 6010 and
13R9A have been FDA listed as class 6 materials.
[0022] The expandable member may also be bioab-
sorbable. The term "bioabsorbable" refers to those ma-
terials that are meant to be decomposed or degraded
by bodily fluids, such as, for example, blood and lymph.
The expandable member is preferably made from a bi-
odegradable polymer or copolymer of a type selected in
accordance with the desired degradation time. Thattime
in turn depends upon the anticipated healing time of the
tissue which is the subject of the surgical procedure.
Known bioabsorbable polymers and copolymers range
in degradation time from about 3 months for polyglycol-
ide to about 48 months for polyglutamic-co-leucine. A
common bioabsorbable polymer used in absorbable su-
tures is poly (L-lactide) which has a degradation time of
about 12 to 18 months. The preferred expandable mem-
ber is comprised of an absorbable copolymer derived
from glycolic and lactic acids, such as a synthetic poly-
ester chemically similar to other commercially available
glycolide and lactide copolymers. Glycolide and lactide
degrade and absorb in the body by hydrolysis into lactic
acid and glycolic acid which are then metabolized by the
body.

[0023] The following Table set forth below lists poly-
mers which are useful for the bioabsorbable material
employed for the expandable member, and other parts
of the bone fastener as described below. These poly-
mers are all biodegradable into watersoluble, non-toxic
materials which can be eliminated by the body. Their
safety has been demonstrated and they are listed as ap-
proved materials by the U.S. Food and Drug Adminis-
tration.

TABLE
Polycaprolactone
Poly (L-lactide)
Poly (DL-lactide)
Polyglycolide
95:5 Poly (DL-lactide-co-glycolide)
90:10 Poly (DL-lactide-co-glycolide)
85:15 Poly (DL-lactide-co-glycolide)
75:25 Poly (DL-lactide-co-glycolide)
50:50 Poly (DL-lactide-co-glycolide)
90:10 Poly (DL-lactide-co-caprolactone)
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TABLE (continued)
75:25 Poly (DL-lactide-co-caprolactone)
50:50 Poly (DL-lactide-co-caprolactone)
Polydioxanone
Polyesteramides
Copolyoxalates
Polycarbonates
Poly (glutamic-co-leucine)

[0024] Referringto Figure 1, the expandable member
10 includes an outer surface 13 for secured engage-
ment with an inner surface of a bone opening. Outer sur-
face 13 can be smooth or can be provided with a plurality
of ridges 16 as shown. In particular, a preferred config-
uration includes a plurality of annular ridges for engag-
ing irregularities in the bone opening wall as the expand-
able member 10 deforms and conforms to the bone
opening wall during and after expansion. It will be ap-
preciated that ridges 16 may also be axially aligned with
the long axis (shown by arrow A in Figure 1) of the ex-
pandable member. The shape and design of the outer
surface ridges 16 are not intended to limit the scope of
the invention in any way.

[0025] The ability of the expandable member to con-
form to the inner dimensions of a bone opening may be
augmented considerably by providing the outer surface
of the expandable member with one or more slots (not
shown) extending between the proximal and distal ends
of the expandable member, the ends of the slots dis-
posed at some distance remote from the proximal and
distal ends of the expandable member. That s, the ends
of the slots are not in contact with the ends of the ex-
pandable member. The slots allow the member to flex
and conform to irregularities in the bone hole. The slots
may be run axially or circumferentially along the outer
surface of the expandable member.

[0026] An axial channel 18 is defined between the
proximal and distal ends 12, 14 of the expandable mem-
ber 10 and preferably extends completely through the
expandable member. The axial channel 18 has a certain
inner diameter, indicated by reference letter D in Figure
1. The diameter may be substantially constant along the
longitudinal axis (A) of the axial channel 18, although
the diameter may also vary along one or more portions
of the length of the channel. In one embodiment, (illus-
trated below in Figure 7) one or more steps 20 are de-
fined in the inner surface 19 of the axial channel 18.
These steps are designed to mate with corresponding
ridges on the outer surface of an insertion element (see
below).

[0027] Referring again to Fig. 1, one end of the ex-
pandable member, (i.e. the proximal end 12) is specially
adapted for insertion into the bone opening. This end is
always of a diameter smaller than the inside diameter
of the bone opening. The proximal end 12 of the expand-
able member 10 may include a substantially flat portion
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21 for engagement with an outer surface of an insertion
element (see Figure 6).

[0028] The expandable member 10 may also be
adapted to form a rivet for directly affixing soft tissue, or
an object such as a bone plate, to the bone at the fixation
site. Figure 2 shows an example of such a rivet 22, in
which the distal end 14 of the expandable member is
configured to form a radial projection 23. In Figure 2, the
projection is formed as a flange 24. The proximal sur-
face 25 of flange 24 is generally planar and perpendic-
ular to the longitudinal axis (A) of the member 10. The
distal surface 26 of flange 24 is contoured to provide a
smooth, generally dome shaped head, thinner near the
margin than toward the center.

[0029] An alternate rivet-type expandable member
(not illustrated) may also be placed in a bone opening.
The member has a distal end configured to form a radial
projection and a stand-off located proximal to the radial
projection. The stand-off is disposed between the radial
projection and the bone surface. The member may have
on its outer surface a series of ridges over an area that
is to contact a bone opening wall and a smooth section
over an area between the ridges and the radial projec-
tion. The outer surface of the expandable member may
also be provided with a stop extending substantially or-
thogonal to the outer surface of the member. The stop
is provided at the junction between the stand-off and that
portion of the outer surface that contacts the bone wall
to limit precisely the depth to which the expandable
member is inserted into the bone opening. The stop is
formed as a pair of substantially rectangular protrusions,
extending far enough out from the outer surface of the
member so that the protrusions contact the bone sur-
face at an edge of the bone opening, stopping the prox-
imal progress of the expandable member. When the op-
erator senses the contact of the stop with the bone sur-
face, a mechanism for inserting an insertion element
can be activated, thus effecting fixation of the expend-
able member at the pre-determined depth. Stand-off
fasteners can be dimensioned to provide for various in-
sertion depth and stand-offs, according to the particular
surgical setting.

[0030] Figures 1-2 also illustrate a feature of the in-
vention common to many embodiments of the expand-
able member; namely a structure 15 for axially releasing
the expandable member from a holder device (not
shown). The structure, described in more detail below,
is preferably a membrane that is broken during em-
placement of the bone fastener in a bone opening. The
membrane is broken by a substantially continuous, non-
impact force in a direction parallel to (i.e., axial to) the
longitudinal axis of the expandable member. Structure
15is disposed at a distal end of the expandable member
10 and is represented in Figure 1 as a jagged, distal
edge of member 10. This is, when fully emplaced in a
bone opening 33, the expandable member may retain a
portion of the previously intact, axially releasing struc-
ture 15.
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[0031] In other embodiments, not illustrated here, the
outer surface of the expandable member can include
self-tapping screw threads for engagement with the in-
ner surface of the bone opening. The screw threads pro-
vide for positioning of the expandable member in the
hole at its desired depth or for applying a desired force
upon the object between a radial projection of the ex-
pandable member and the bone surface, prior to fixation
by forcing the insertion element into the axial channel of
the expandable member. In such a turnable screw
thread configuration, the unexpended member can be
turned into a bone hole having a diameter somewhat
smaller than the outside diameter of the screw threads,
so that the screw threads self-tap the hole to some ex-
tent as the member is turned into the hole. Although the
threads are not meant to tap the bone hole to an extent
sufficient by themselves to effect fixation of the member,
surfaces of the screw threads can be hardened suffi-
ciently to cut or abrade the bone hole wall. Such hard-
ening can be provided, for example, by forming the
member of a relatively deformable polymer material that
can be hardened by application of heat or radiation, and
then irradiating selective parts of the member outer sur-
face to harden it at those parts. Ultimately, the softer ma-
terial of the member can be provided over selective
parts of its surface with a thin coating of a harder more
durable material. Once such a self-tapping member has
been turned into the bone hole to the desired depth, an
insertion element can be forced into the axial channel
of the member, expanding it and deforming the outer
surface thereof as described above.

[0032] The expandable member may be fabricated by
conventional molding or extrusion procedures and the
sizes can vary over a wide range depending upon the
particular surgical procedure. An exemplary expanda-
ble member can be about 0.40 inches (10.1 mm) long,
with an outside diameter of about 0.140 inches (3.5
mm), the proximal opening of the axial channel being
tapered to about 0.07 inches (1.7 mm).

B. The Insertion Element

[0033] Figure 3 illustrates in diagrammatic cross-sec-
tion an insertion element 34 of the present invention.
The insertion element 34 is a substantially elongated
shape having distal 35 and proximal 36 ends, and an
outer surface 37. The outer surface, most preferably at
one end, has a projection 38 for engagement with inner
surface 19 of the axial channel 18 of expandable mem-
ber 10 (see Figure 1). Insertion element 34 may be con-
structed of a relatively hard biocompatible material such
that the projection 38 expands the expandable member
outwardly in a direction substantially orthogonal to the
longitudinal axis of the expandable member. It will be
appreciated that the projection 38 on the outer surface
37 of insertion element 34 can include a variety of con-
figurations and designs. These configurations are not
intended to limit the scope of the invention in any way.
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[0034] A channel 40 is defined between ends 35,36
of the insertion element. The channel is adapted to en-
gage a suture. In the embodiment illustrated, channel
40 extends completely between the opposed ends 35,
36 of insertion element 34. The insertion element at one
of its ends, preferably the proximal end 36, includes a
structure for attaching a suture. The structure is most
preferably an outer, flattened, peripheral wall 43 of in-
sertion element 34. This outer wall is of sufficient width
to engage a knot 44 (See Figure 6). Other means for
attaching a suture may include, for example, one or
more slots disposed at an end of the insertion element
for trapping the knotted free ends of the suture within
the jaws of the slot(s). Further, a suture attaching means
can include a variety of clips or other devices.

[0035] The embodiment of Figure 4 shows insertion
element 34 provided with a channel to receive an inter-
mediate portion of a suture (i.e., a segment between the
free ends) to form a so-called "slidable"suture element.
Insertion element 34 has a generally cylindrical shaft 52
provided with an expanded distal portion 48. A channel
50 is defined through the shaft 52 in a direction substan-
tially at right angles to the longitudinal axis (A) of the
shaft and may be located anywhere along the shaft.
Preferably, the channel 50 is defined at, or adjacent to,
the distal end 35 of the shaft 52. One or more projections
38 are provided for engaging the inner surface 19 of the
expandable member's axial channel 18 (see Figure 1).
An intermediate portion of a suture thread may be en-
gaged within channel 50. The expanded portion 48 at
the distal end 35 of shaft 52 may be provided with a plu-
rality of grooves, not shown. These grooves have a di-
ameter sufficient to receive the suture thread, thus al-
lowing the suture thread to lie flat and substantially par-
allel to the longitudinal axis of the insertion element with-
out protruding.

[0036] Figure 8 illustrates the elongated, slidable su-
ture insertion element of Figure 4 in place within expand-
able element 10 in bone opening 33. Also shown is bone
surface 29. All reference numbers are identical to those
shown previously. This particular fastener is designed
to engage an intermediate portion 47 of suture 46.
[0037] Another embodiment of an insertion element
of the present invention is provided in Figure 5 which
shows an insertion element 34 in the shape of a rivet
58. This rivet is for coupling an object to bone for use
with the expandable member of the invention. Rivet 58
is an elongated element for insertion into the axial chan-
nel 18 of expandable member 10 (see Figure 1), the rivet
having a shaft 52 with distal and proximal ends 35, 36,
respectively. Rivet 58 may have a channel 40 defined
between the ends. A radial projecting portion 60 is pro-
vided at the distal end 35.

[0038] A washer 62 having an annular bore 64 may
additionally be provided to enclose a portion of the shaft
52. The washer has upper 63 and lower 65 surfaces and
bore 64 is defined between these surfaces as a single
opening. The shaft 52 of the rivet is inserted within the
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bore.

[0039] The upper surface 63 of washer 62 is in facing
relationship, and may be engaged with a lower surface
66 of the radial projection 60. Preferably, as shown in
Figure 5, the lower surface 65 of the washer includes a
series of spaced-apart projections 67 extending away
from the radial projection 60 and toward the proximal
end 36 of the rivet. Spaced-apart projections 67, which
may be of variable length, are intended to be inserted
directly into the bone or into tissue distal to the bone and
provide a grasping surface for the washer. The height
of spaced-apart projections 67 provides sufficient dis-
tance between the washer and tissue so that the tissue
will not undergo necrosis by being compressed too tight-
ly by the washer or projection 60.

[0040] Most preferably, the outer diameter of the ra-
dial projection 60 is greater than the diameter of annular
bore 64 of washer 62 which diameter, in turn, is greater
than the outer diameter of rivet shaft 52. Thus, the bore
of the washer is sufficiently large so that the washer can
slide underneath the projection 60 of the rivet 58. This
also provides sufficient distance between tissue and riv-
et to eliminate or substantially suppress tissue necrosis
(see also Figure 9). Moreover, the upper (distal) surface
63 of washer 62 and the lower (proximal) surface 66 of
radial projection 60 have a different radii of curvature.
This differential radii of curvature allows the rivet to
"float" between the tissue and the washer. It therefore
allows the rivet to move relative to the washer to account
for different orientations and angles of the bone surface.
[0041] Figure 9 illustrates an insertion element rivet
58 and washer 62 of Figure 5. The rivet is in place within
expandable element 10 in bone opening 33. Figure 9
also illustrates how projections 67 are inserted into tis-
sue 68 and bone 69 to provide a grasping surface for
the washer 62. All other reference numbers are as pre-
viously disclosed. Figure 9 particularly illustrates the
floating nature of rivet 58 within its captured washer 62,
allowing insertion in the bone at angles other than ex-
actly orthogonal to the tissue and/or bone surface.
[0042] In further embodiments, one or both of the
washer surfaces 63, 65 may include a means for en-
hancing tissue proliferation on the washer after it is in-
serted into the tissue and bone opening. This means for
enhancing tissue proliferation can include a plurality of
small apertures (not shown in Fig. 5) defined between
the distal and proximal surfaces 63, 65 of the washer
62, these apertures disposed on a peripheral portion of
the upper and lower surfaces. Further, tissue prolifera-
tion can be enhanced by including one or more rough-
ened portions (not illustrated) on either, or both, of the
upper and lower surfaces of the washer. The washer
and/or insertion member could also be coated or im-
pregnated with a variety of bone and tissue growth en-
hancing factors such as, for example, hydroxyapatite,
calcium phosphate, and the like. Preferably, the washer
is made of a bioabsorbable material identical to those
described above. The chemical composition of the
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washer may be chosen so that it will be absorbed com-
pletely once the tissue fixed by the rivet has reattached
itself to the bone. Moreover, the insertion element may
also comprise a bioabsorbable material, as described
above with regard to the expandable element.

[0043] A significant advantage of the rivet configura-
tions of the presentinvention is that the operator can set
the compressive force between tissue, fastener, and
bone by manually adjusting the pressure of the rivet
against the tissue at the time the tissue is being fas-
tened.

[0044] Figure 6 illustrates an embodiment of the bone
fastenerin which proximal projection 38 is placed so that
it extends out of the proximal end 12 of expandable
member 10. In this configuration, a shoulder 68 of prox-
imal projection 38 engages flat portion 21 at the proximal
end 12 of the expandable member 10. All reference
numbers are identical to those presented above. This
engagement provides added security to the bone fas-
tener to prevent the insertion element from backing out
of the expandable member. Figure 7 illustrates a further
embodiment in which a step 20 is defined in the inner
surface 19 of axial channel 18. The step is adapted to
mate with a corresponding ridge 39 on the outer surface
of insertion element 34. Alternate embodiments may in-
clude a plurality of steps and ridges as well. All reference
numbers are identical to those presented previously.
[0045] The insertion element mates with the axial
channel of the expandable member. Accordingly, its size
may also vary over wide limits. Exemplary insertion el-
ements designed to mate with the expandable members
described previously are about 0.44 inches (11.1 mm)
long with a channel diameter of about 0.060 inches (1.5
mm). The rivet type insertion element (see Figure 5)
has a distal radial projection about 0.180 inches (4.6
mm) wide, with a total length of about 0.5 inch (12.7
mm). An exemplary slidable suture element (see Figure
4)is about 0.47 inches (11.9 mm) long, with a distal bore
about 0.05 inches (1.3 mm) across and 0.04 inches (1.0
mm) deep. An exemplary washer designed to mate with
the rivet of Figure 5, is about 0.29 inches wide, with a
central bore about 0.14 inch (3.5 mm)". A total of six
projections may be equally spaced around the lower
washer surface, each projection about 0.065 inches (1.6
mm) long.

C. Holding Means

[0046] Figure 10 shows emplacement of member 10
within bone hole 33 using a preferred holding means 70
which is adapted to provide for firm deployment of the
fastener without imposing substantial forces upon the
bone itself in directions toward or away from the bone.
In Figure 10, expandable member 10 having axial chan-
nel 18 and outer surface 13 is shown in an unexpended
state at which the axial channel 18 has a diameter (a)
and the outer surface 13 has a diameter (b) at its widest
point or points. Diameter (b) may be equal to the diam-
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eter (c) of the bone hole so that expandable member in
an unexpended state passes into a hole in a light, press-
fit configuration. The holding means 70 is an elongated,
substantially hollow tube 71 having an inside diameter
(d) greater than the outside diameter (e) of distal end 14
of expandable member 10.

[0047] The proximal end 72 of holding means 70 is
integral with the distal end 14 of the expandable member
10. The term "integral" refers to a variety of configura-
tions in which the proximal end of the holding means is
in physical communication with the distal end of the ex-
pandable member. The term "integral" refers to units
made of one piece of material as well as components
which may be separate initially but are later joined to
form a complete device. In the embodiment of Fig. 10,
this physical linkage may be via a continuous, unbroken
surface 73 extending between the holding means 70
and expandable member 10.

[0048] Nevertheless, a single, continuous surface is
not necessary between holding means 70 and member
10. Expandable member 10 may be snap-or press-fit in-
to position at the proximal end of holding means 70 us-
ing a variety of mechanisms. Referring to Figure 11, the
proximal end of expandable member 10 is press-fit into
a bore 71 defined at proximal end 72 of holding means
70. The expandable member 10 may include one or
more projections 74 adapted to engage with corre-
sponding surfaces 76 on the holding means 70.

[0049] Figure 12 illustrates a two-piece holding
means 70 having an intermediate end 72 supplied with
a series of screw threads 75. A corresponding series of
screw threads 78, designed to mate with threads 75, are
disposed at a second, intermediate end 73.

[0050] Figure 17 illustrates another way of integrating
the proximal end of holding means 70 with expandable
member 10. As illustrated, proximal end 72 of holding
means 70 is provided with a bore 71 having projections
76 designed to mate with corresponding detents 73 on
expandable member 10 in a manner allowing expanda-
ble member 10 to be spun onto holding means 70 or
crimped onto holding means 70. All other reference
numbers are as described previously. Thus, in Figures
10-12 and 17, the expandable member 10 is construct-
ed to allow the holding means 70 to maintain engage-
ment with the expandable member during the steps of
emplacement in the bone.

[0051] Moreover, each of the embodiments of Figures
10-12 and 17 includes a structure for axially releasing
the expandable member from the holding means. The
manner of activating the axial releasing structure is de-
scribed below but it will be appreciated that the structure
is arranged as a substantially annular ring or membrane
of material. In Figures 10-12 and 17, axial releasing
structure is a frangible membrane 84. The term "frangi-
ble" refers to a membrane that is breakable or fragile.
In particular, Figure 10 illustrates frangible membrane
84 as an annular attachment portion connecting holding
means 70 and expandable member 10. Figure 11 illus-
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trates frangible membrane 84 connecting the distal end
of expandable member 10 to a projection 74, the mem-
brane between projection 74 and member 10 severable
during emplacement of the fastener, as described be-
low. Figure 12 illustrates frangible membrane 84 dis-
posed between distal end 14 of the expandable member
10 and a threaded portion 75 of holding means 70.
[0052] An exemplary holding means may have a di-
ameter of between about 0.070 - 0.140 inches (1.7 - 3.5
mm) and is integral with the expandable member (see
Figure 12) by way of an annular frangible membrane
about 0.01 - 0.02 inches (.25 - .50 mm) thick.

D. Methods

[0053] One method, although by no means the only
method, for attaching soft tissue to bone will be de-
scribed below with reference to the rivet fastener of the
present invention. To attached soft tissue to bone, a sur-
geon takes the sharpened proximal end of a K-wire
(manufactured, for example, by Kirschner Medical Com-
pany) and spears the tissue that is to be attached. The
proximal end of the K-wire is then placed over the bone
surface at the approximate site of attachment. The K-
wire is then drilled into the bone at that site. If the loca-
tion is where the surgeon wants it, the surgeon then
threads a cannulated drill of the appropriate size over
the K-wire. A hole is then drilled into the bone using the
cannulated drill. Then drill is then removed, leaving the
K-wire in place. The rivet of the invention is then loaded
into an expandable member contained within an em-
placement apparatus (described below with reference
to Figures 15 and 16). The rivet is run over the K-wire
and the expandable member pressed downwards
through the tissue and into the bone hole so that the
expandable member is emplaced into the bone hole. If
the surgeon decides that the orientation of the bone fas-
tener and soft tissue is correct, the emplacement appa-
ratus is triggered to set the bone fastener within the bone
hole. The emplacement apparatus and then the K-wire
are removed in turn. Other variations on this technique
include first drilling a bone hole and then punching a hole
through the soft tissue. The tissue is then moved over
the bone hole using, for example, a K-wire or a grasping
device. The K-wire is inserted into the hole in the soft
tissue and bone and then the emplacement apparatus
of the invention is threaded over the K-wire. The pre-
ferred method includes providing an expandable mem-
ber forinsertion into an opening in the bone, the member
having defined in it an axial channel with a certain diam-
eter, as described above. The expandable member in-
cludes a structure for axially releasing it from a holding
means. The expandable member is grasped at the distal
end using the elongated holding means described pre-
viously. The expandable member is inserted into a bone
opening with the holding means while maintaining con-
tact with the distal end of the expandable member. A
compressive force, which may be continuous, is applied
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to the expandable member in order to expand the diam-
eter of the axial channel so that an outer surface of the
expandable member engages the bone. The force is ap-
plied by compressing the elongated insertion element
into the axial channel of the expandable member. The
projecting portion at an outer surface of the insertion el-
ement is engaged with the inner surface of the axial
channel of the expandable member to exert a force sub-
stantially orthogonal to the axial channel. The diameter
of the axial channel expands within the bone opening
as the projecting portion travels proximately within the
axial channel. The means for axially severing the ex-
pandable member is then activated, so that the expand-
able member, fully expanded into the bone opening by
the inserted element, is released from the holding
means when the continuous, compressive force stops.
In particular, when the frangible membrane is axially
severed, the expandable member is disengaged from
its holding means.

[0054] It is an important feature of the present inven-
tion that the force needed to expand the expandable
member may be substantially continuous and spread
out over time so that the force is not an impulse, as in
prior art methods. The expandable memberis expanded
using the insertible element with a compressive motion
that is axially delivered in a direction substantially par-
allel to the longitudinal axis of the insertion element.
Thus, the apparatus for inserting a bone fastener re-
quires an advancing drive mechanism which lacks any
impact or impulse characteristics. In physical terms, it
can be considered that the system of: (i) a bone; (ii) a
K-wire to guide a drill to make an opening in the bone;
(iii) a bone fastener emplaced over the K-wire in the
opening; and (iv) an apparatus for emplacing the bone
fastener, comprises a closed, continuous boundary sys-
tem in which no external forces are applied to the system
such as, for example, by a hammer or impactor.
[0055] The frangible membrane is severed without
using a releasing element. The present invention relies
on theinherentresiliency of the frangible membrane and
the failure of the membrane during axial tension and
elongation. Referring now to Figure 13, an expandable
member 10 is shown emplaced in a bone hole and an
insertion element 34 in its full frontward position just af-
ter axial release from holding means 70. If the bone hole
33 is of a depth (E) that is substantially identical to the
length of the expandable member 10, a force (solid ar-
row X) will be exerted on membrane 84 in a direction
substantially parallel to the longitudinal axis of the ex-
pandable member (double-headed arrow Y) but in a di-
rection opposite the compressive force (solid arrow Z)
exerted by the plunger 90 in its coaxial travel within the
hollow tube 71 of holding means 70. It will be appreci-
ated that the magnitude of compressive force Z is sub-
stantially equal in magnitude and opposite in direction
to force X. Forces X and Z will activate the axial releas-
ing structure (e.g., the frangible membrane 84) by forc-
ing it to elongate and stretch in the same direction. At a
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certain point, when force X is greater than the strength
of frangible membrane 84, the membrane 84 will fail,
thus releasing the expandable member and insertion el-
ement from the holding means. Suture 46 and knot 44
are also illustrated. This type of releasing mechanism is
dependent on the physical properties of the frangible
membrane and the rate of shear.

[0056] The same forces can be obtained by providing
the insertion element as arivet 58 asillustrated in Figure
5. In this case, plunger 90 engages the radial projection
23 of the rivet 58 which is stopped against the bone sur-
face. This engagement provides the forces necessary
to elongate and stretch the frangible membrane to its
breaking point.

[0057] Figure 14 shows a view of one type of holding
means 70 adapted for use with an insertion element 58
in the shape of a rivet. Such an insertion element and
holding means are also described above with reference
to Figures 5 and 12. The element 58 has an axial chan-
nel 40. The generally cylindrical holding means 70 has
an inside diameter (d) greater than the outside diameter
of the distal end 14 of expandable member 10, and great
enough to accommodate the diameter of distal projec-
tion 38 of insertion element 34, as described above in
Figure 4. The expandable member 10 includes frangible
membrane 84. The expandable member 10 passes
without resistance into a bone hole as described above
generally, and the member is positioned within the hole
so that in an externally smooth neck portion 31 projects
above the bone surface to provide a stand-off between
the radial projection 60 of the insertion element and the
bone surface. An annular projection 95 on the neck 31
may retain the washer (not shown) of the rivet insertion
element 58, preventing loss of the washer during inser-
tion of the expandable member into the bone hole. The
bore of the washer is designed to receive the expanda-
ble member prior to emplacement of the bone fastener
of the invention.

[0058] The outer diameter (b) of the insertion element
58 is about the same as or slightly smaller than the inner
diameter of the neck portion 31 of the expandable mem-
ber. Outer diameter (b) is larger than the inner diameter
(a) of the axial channel 18 of the expandable member
10 so that, as the rivet shaft is compressed into the axial
channel 18, it passes without resistance through the
neck portion 31 but causes the outer, bone engaging
surface 13 to expand outwardly against the wall of the
bone hole. That is, as the rivet is urged frontward, the
radial projection 38 at its proximal end 36 presses out-
ward against the inner surface 19 of the axial channel.
[0059] Moreover, the outer diameter (c) of radial pro-
jection is sized to interfere with the axial releasing struc-
ture (frangible membrane 84). When this occurs, the
progress of the rivet within the expandable member 10
is momentarily stopped. Further frontward compression
of the rivet 58 drives its radial projection 60 through the
frangible membrane 84 and causes a failure of the fran-
gible membrane portion, effecting separation of the fully
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installed rivet from the holding means 70. Then, the
holding means 70 can be withdrawn from the site. Pref-
erably, lower surface 66 of radial projection 60 is provid-
ed with an abrupt proximal edge to effect a shearing ac-
tion. A circular undercut 96 on the frangible membrane
further improves the precision of the separation. Thus,
the resulting rivet is anchored firmly in place within the
bone hole by intimate contact of the outer surface of the
expandable member with the bone hole. Further, the
material to be fastened by the rivet is confined about the
supported neck portion of the expandable member be-
tween the bone surface and the washer of the rivet. As
described above with regard to Figure 6, projections 67
on the rivet washer 62 serve to further engage the tissue
with the fastener system.

[0060] The method of inserting an expandable mem-
ber in the shape of a rivet (as shown in Fig. 2) is sub-
stantially identical to the method described previously
for the insertion element rivet. Thus, the proximal end
12 of the expandable member 10 is contoured to pass
easily through tissue. The distal, radial projection 23 on
the expandable member is attached to holding means
by way of a frangible membrane, as described above.
The membrane is detached by the method described
previously, thereby freeing the fully expanded and firmly
fixed rivet fastener from the holding means. The holding
means is then withdrawn, leaving the expandable mem-
ber rivet in place at the fixation site of the bone, com-
pressing the attached tissue between the proximal end
of the radial projection and the surface of the bone. An
alternate configuration for use in the rivet described im-
mediately above, includes an annular undercut on an
inner surface of the radial projection 23, this excavation
being just proximal to the frangible membrane. The un-
dercut is formed sufficiently deeply into the material of
the radial projection 23 so that when the frangible mem-
brane is cut or otherwise severed, an annular fragment
is cut free of both the radial projection 23 and the ex-
pandable member (not shown), and any remaining con-
nection between the radial projection and the expanda-
ble member being so thin has to provide little resistance
to simply pulling the holding means away from the fixed
fastener. All other reference numbers are as previously
described.

B. Apparatus

[0061] A preferred emplacement apparatus retains
the holding means and expandable member prior to em-
placement. The emplacement apparatus includes
means for pressing the insertion element into the ex-
pandable member and then separating the expandable
member from the emplacement apparatus. The fastener
assembly can include a disposable cartridge, the car-
tridge containing the expandable member, insertion el-
ement, holding means, and means for attaching the dis-
posable cartridge to the apparatus.

[0062] Figure 15 is one embodiment of an emplace-
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ment apparatus of the invention. The apparatus 99 in-
cludes a cartridge 100 which encloses holding means
70 attached by axially releasing membrane 84 to ex-
pandable member 10. The cartridge is preloaded with
plunger 90 and insertion element 34. A releasing ele-
ment 92 (not shown in Figure 15) is co-axially arranged
around plunger 90 to activate the axial releasing struc-
ture (e.g., sever the membrane 84). The insertion ele-
ment 34 is positioned with its proximal projection 36 in
facing relationship to distal end 14 of the expandable
member 10. Insertion element 34 is provided with a su-
ture 46. The free ends of the suture pass through the
axial channel 40, through channel 106 of the plunger 90,
and are knotted against the proximal end 36 of the in-
sertion element 34. The knot 44 is fully contained within
the expandable member 10 prior to its emplacement in
the bone hole, so that it cannot interfere with the inser-
tion into the hole.

[0063] The cartridge 100 may additionally include a
take-up spool 112, for storage of the free ends of suture
46. When the apparatus is loaded, suture 46 is arranged
to pass from the knot in proximal end 36 of insertion el-
ement 34, through axial channel 40, through a hole in
plunger axial channel 106, and over and around spool
112. As the apparatus is withdrawn, leaving the fastener
with the suture 46 attached fixed in place in the bone
hole, as described above, the free ends of the suture 46
pay off from the take-up spool 112.

[0064] Cartridge 100 is removably attached to hand-
held means for urging the plunger 90 frontward (i.e., to-
wards the bone) with respect to the cartridge. In the con-
figuration of Figure 15, the hand-held means 120 con-
sists of two handle elements 122, 124 slidably engaged
to provide a comfortable pistol grip 126 by which handle
element 124 can be moved in a front-and-rear direction
with respect to the handle element 122 by squeezing
the pistol grip 126. The end 123 of the handle element
122 is adapted for removably mounting the distal end
101. of cartridge 100. The end 125 of handle element
124 includes a push rod 129 whose proximal end 127
abuts the distal end 91 of plunger 90 when the handle
elements are assembled and the cartridge 100 is mount-
ed onto end 123 of handle element 122. Alternatively,
an axial bore 130 can be arranged to pass rearward
through push rod 129 and handle element 124 for con-
ducting the suture distally from the knot at the proximal
end of the expandable element all the way to the out-
side.

[0065] Withthe apparatus so assembled, the surgeon
grasps the apparatus by the pistol grip, and directs the
expandable member to the desired depth into the pre-
drilled hole in the bone. Then, while holding the appa-
ratus in place, the surgeon squeezes the grip 126 sliding
the handle 124 frontward with respect to the handle el-
ement 122, as indicated by the arrow 131. The push rod
129 presses against distal end 91 of plunger 90, urging
the plunger in a non-impulse fashion towards the hold-
ing means 70, and thereby: (i) compressing element 34
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into the axial channel 18 of expandable member 10; (ii)
causing the expandable member 10 to expand within
the bone hole 33; and (iii) causing releasing element 92
to sever the frangible membrane 84 between the ex-
pandable member 10 and the holding means 70, leaving
the fastener fixed in the bone.

[0066] An alternate embodiment is shown in the ex-
ploded view of Figure 16. All reference numbers are
identical to those in Figure 15, unless noted otherwise.
The holding means 70 is connected at its distal end by
a quick-connecting interlock 500 with the hand-held
means 120 for urging a plunger 90 frontward with re-
spect to the expandable member 10. The apparatus in-
cludes a lock mechanism 142 having a series of slots
or teeth 143 for gripping the distal end 144 of holding
means 70. A cap 146 and cap insert 148 are also pro-
vided to co-axially engage the lock 143. An actuator
drive rod 150 is positioned within the hand held means
and is co-axially arranged with spring 152. The drive rod,
connected to handle 122, is forced against plunger 90,
as described above.

[0067] Preferably the snap-on interlock is configured
as an insertible, spring-loaded connector, in which a dis-
tal portion of the holding means forms the "male" part of
the connector and a portion of the hand-held means
forms the "female" part. With reference to Figure 16, a
flange 510 is situated with a rear surface 512 situated a
fixed distance distal to the frangible membrane 84 con-
necting the expandable member 10 to the holding
means 70. Distal to the flange 510, is a groove 514 hav-
ing a frontward-facing surface 516 generally perpendic-
ular to the longitudinal axis of the holding means. The
holding means tapers distally from the outer edge of the
surface 516. The hand held means is provided with a
generally cylindrical bore for receiving that portion of the
holding means situated distal to the flange.

[0068] The hand-held means 120 is provided with one
or more keepers (not shown) that are moved away from
its longitudinal axis by the advancing taper 518. The
keepers then spring into the groove 514 and lock against
frontward-facing groove surface 516 when the distal
portion of the holding means is correctly positioned with-
in the receiving bore of the hand-held means. The rear-
facing surface 512 of the flange 510 contacts a part of
the hand-held means adjacent the holding means re-
ceiving bore to provide a stop establishing the correct
rearward position of the holding means within the hand-
held means.

[0069] The hand-held means 120 is provided with a
plunger 90 that can be continuously urged proximally
with respect to the holding means receiving bore along
the holding means longitudinal axis. Continuously and
without impulse, the insertion element is driven toward,
and into, the axial channel of the expandable member.
The plunger 90 includes a shoulder 520 at its proximal
end. An edge of the shoulder provides a sharpened sur-
face sufficient to activate the releasing structure by sev-
ering frangible membrane 84.
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[0070] Preferably, the length of the plunger is fixed in
relation to the fixed front-to-rear distance between the
rear surface 512 and the frangible membrane connect-
ing the expandable member to the holding means. A
stop is provided to limit the extent frontward to which the
plunger can be urged within the hand-held means, so
that the disengagement of the expandable member from
the holding means is complete at just the point where
the plunger has been moved to its proximal limit. This
ensures proper emplacement of the fastener in the bone
hole, provided that the holding means is properly mount-
ed in the handle and the user urges the plunger front-
ward as far as it will go.

[0071] The components of the bone fastener of the
invention may be included in a surgical fastener kit. An
exemplary kit may include an expandable member of
the invention; an insertion element of the invention and
a holder for engaging with the expandable member, the
holder capable of maintaining the expandable member
in position with the bone opening. Other embodiments
of the kit may include a grasper/manipulator for grasping
free ends of the suture to pass the suture through soft
tissue. A K-wire, drill and drill guide may also be includ-
ed. Preferably, the kit is encased in a sterile tray or other
receptacle for use by an operator at a site.

[0072] The invention will be further illustrated by the
following Example.

Example

[0073] An expandable member is formed of natural
high density polyethylene ("PE"), type PDC 9122, sup-
plied by Dow Chemical Co. (Dow HD8354N) and dimen-
sioned to slide easily into a 0.138 inch (3.5 mm) diam-
eter bone hole. The outer surface of the member is
molded to a 6-32 screw thread configuration to provide
screw threads. A 6-32 screwthread configuration pro-
vides a 0.138 inch outermost diameter so that the mem-
ber can be inserted into a 3.5 mm bone hole without re-
sistance. The axial channel of the member is of a uni-
form 0.070 inch (1.8 mm) diameter, and its length is
0.422 inches (10.3 mm).

[0074] The insertible element is formed of DuPont
Delrin 11 500, molded to have the general shape shown
in Figure 3 and an outermost diameter of 0.107 inch (2.7
mm). Delrin is much less deformable than the polyeth-
ylene of which the expandable member is made. The
proximal leading edge of the insertion element permits
the relatively incompressible element to be forced into
the 0.070 inch expandable member axial channel and
to expand the relatively soft expandable member. When
the insertion element has been fully inserted within the
expandable member, the device has an outermost di-
ameter approximately 0.160 inch (4.1 mm), providing for
substantial deformation of the outer surfaces of the ex-
pandable member into the irregular wall of the bone
hole, and thereby forming a firm fastener for the expand-
able member and insertion element. The element has
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an axial channel of diameter 0.046 inches (1.1 mm),
which accepts a pair of sutures for later use in attaching
soft tissue to the bone surface. Before insertion of the
element, the sutures are passed through the axial chan-
nel of the insertion element and their proximal ends are
knotted so that they stop against the proximal end of the
insertion element.

[0075] The outside configuration of the member is a
6-32 thread which provides a series of ridges which as-
sist in permitting deformation of the expandable mem-
ber in the bone hole and conformation of the expandable
member outer surface as itis pressed into the 0.138 inch
(3.5 mm) diameter bone hole. In this prototype, the
threads are not used for turning the expandable member
into the bore, but rather to facilitate deformation of the
outer portion of the member when the member is ex-
panded within the bone hole. When the insertion ele-
ment s inserted into the axial channel of the expandable
member, the threads are deformed by irregularities in
the cancellous bone hole wall, locking the fastener, and
the element compressed within it, into place.

[0076] The expandable member is formed with fran-
gible, integral connection to a cylindrical holding means
as described above, enclosed within a cartridge, and
provided with the apparatus as described above, con-
figured and dimensioned as follows:

[0077] The holding means, for example as shown in
Figure 16, is formed as a cylinder having inside diameter
of 0.145inches (3.7 mm), outside diameter 0.230 inches
(5.8 mm), and a total length of 6.0 inches (152 mm). The
frangible membrane between the holding means and
the expandable member is formed as an annulus having
a thickness of 0.012 inches (.30 mm).

[0078] The plunger and releasing means are con-
structed by turning a stainless steel rod to provide a
punch-and-die configuration (generally as in Figure 16)
having an outer diameter of 0.145 inches (3.7 mm). The
severing means is formed by machining the end of the
rod to form a sharpened step, located approximately
0.060 inches (1.5 mm) distal to the blunt proximal tip of
the plunger.

[0079] As the plunger is pressed frontward, it presses
the insertion element before it into the axial channel of
the expandable member, expanding it and deforming it
against the bone hole wall. When the element approach-
es the point where it has been pressed fully into the
member, the sharpened step reaches the 0.012 (0.30
mm) inch thick connecting annulus and passes through
it, shearing it and separating the expandable member
from the holding means. Then the cartridge is withdrawn
together with the plunger and the holding means, leav-
ing the fastener fixed within the predrilled bone hole.
[0080] A 3.5 mm (0.138 inch) diameter hole is made
in the bone to a depth of about 14 mm using a drill with
a stop to limit the hole depth. A fastener is emplaced in
femur bone recovered from a pig cadaver, and then test-
ed as follows.

[0081] The hole is drilled into the pig femur approxi-
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mately normal to the bone surface to a depth about
14.25 mm using a step drill. Then a fastener is loaded
with a pair of #2 non-sterile braided polyester sutures
coupled to a hand-held means, positioned, and fixed in
the bone hole as described above. A knot is tied in the
sutures at some distance from the fastener and looped
over an Ametek Accuforce Cadet digital force gauge,
0-50 Ibs. range (Mansfield & Green). The slack in the
sutures is taken up by drawing the force gauge by hand
away from the fastener in a direction perpendicular to
the bone surface. The holding force is then tested by
sharply pulling the force gauge away from the bone by
hand in a direction perpendicular to the bone surface.
In such preliminary tests, the fastener held and the su-
ture broke. These results demonstrate a holding capac-
ity equivalent to those shown in similar tests using
known devices now on the market.

[0082] The fastener provides a platform to secure the
suture because it is locked into dense bone, and be-
cause the conformity of the expandable member sur-
face with irregularities in the bone provides efficient fix-
ation. Moreover, there are no sharp edges in the fasten-
er that can abrade the suture.

[0083] The bone fastener according to the invention
can be used for fastening bone to any of a variety of
objects, including tissues such as ligaments or tendons
and prostheses such as bone plates. The fastener and
emplacement apparatus can be used in any of a wide
variety of orthopedic surgical procedures and settings.
The fastener can provide superior holding capacity and
relatively small size, and can be installed according to
the invention without impulse, impact or hammering and
without imposing any substantial net force toward or
away from the bone surface, and so the invention pro-
vides for fastening in surgical settings in which bone an-
chors have not been used, or have been used with lim-
ited success.

[0084] The fastener is of a readily drillable material,
and the installed fastener is situated near the bone sur-
face. Thus, removal of the device from the bone in a
later surgical procedure is straightforward. If removal of
a fastener is indicated, the surgeon can simply use a
retrieval device, consisting of for example, a drill bit,
preferably of a somewhat smaller diameter than the
original bone hole. The drill bit can be used to excavate
the insertion element and then the anchor and any de-
bris can be simply withdrawn from the hole.

Equivalents

[0085] It should be understood that various changes
and modifications of the preferred embodiments may be
made within the scope of the invention. Thus it is intend-
ed that all matter contained in the above description be
interpreted in an illustrative and not limited sense.
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Claims

1.

A device for coupling an object to bone, comprising:
a fastener, including:

a substantially cylindrical expandable
member (10) for insertion into an opening
in bone, having an axial channel (18) ex-
tending at least partially therethrough, and
optionally comprising ridges (16) for en-
gagement with the bone opening wall, and
an insertion element (34) including means
(40) for engagement with a suture, at least
a portion of the insertion element (34) hav-
ing an outer diameter greater than a diam-
eter of the axial channel (18) of the expand-
able member (10), such that upon insertion
of the insertion element (34) into the axial
channel (18), the expandable member (10)
is irreversibly expanded to obtain a pres-
sure fit in the bone opening, and

a holder (70), adapted to hold the fastener for
emplacement in the bone opening, the holder
(70) being attached to the expandable member
by an attachment means arranged to axially re-
lease the holder from the expandable member
(10) on application of a selective force to the
holder (70); characterized in that :

the attachment means is an annular fran-
gible membrane (84) configured to elon-
gate and fail under tension on application
of an axial selective force to the holder (70).

A device according to claim 1 wherein the means
(40) for engagement with a suture comprises a
channel (40, 50) extending fully or partially through
the insertion element for passage of a suture, of a
structure such as a wall (43) or slot adapted to en-
gage a knot (44) in the suture, or a clip for engaging
the suture.

A device according to claim 1 wherein the insertion
element (34) is substantially in the shape of a rivet
(58) for coupling an object to bone, the rivet (58)
having a radially projecting portion (60) for anchor-
ing the object.

A device according to any of the preceding claims,
further comprising a washer (62) having an annular
bore (64), wherein the washer (62) is disposed en-
closing the insertion element (34), optionally in a
floating relationship wherein the annular bore (64)
and the insertion element (34) have different radii
of curvature such that the washer (62) can conform
to the orientation of a bone surface.
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A device according claim 4, wherein the washer
(62) comprises one or more spaced-apart projec-
tions (67) which engage either the bone or tissue
distal to the bone and provide a grasping surface
for the washer (62), or wherein the washer (62)
comprises means for enhancing tissue proliferation
thereon.

A device according to any of the preceding claims,
wherein the insertion element (34) is adapted to be
continuously axially advanced into the axial channel
(18) of the expandable element (10).

A device according to any of the preceding claims,
wherein the fastener comprises a biocompatible
material.

A device according to any of the preceding claims,
wherein the holder (70) holds the fastener via a
screw fit, a snap fit, a press fit, or via one or more
projections (76) and detents (73).

Patentanspriiche

Vorrichtung zur Kupplung eines Objektes an einen
Knochen, umfassend:

ein Befestigungsmittel, welches einschlieft:

ein im wesentlichen zylindrisch expandier-
bares Element (10) zur Einflihrung in eine
Offnung in einem Knochen, das einen sich
mindestens teilweise durch es hindurch er-
streckenden axialen Kanal (18) und wahl-
weise Rippen (16) zum Eingriff in die Wand
der Knochendéffnung besitzt, und

ein Einfuhrungselement (34), das einen
Weg (40) zum Eingriff mit einem Nahtma-
terial beinhaltet, wobei mindestens ein Teil
des Einfihrungselementes (34) einen Au-
Rendurchmesser besitzt, der derart gréer
ist als der Durchmesser des axialen Kanals
(18) des expandierbaren Elementes (10),
dass bei Einfihrung des Einfiihrungsele-
ments (34) in den axialen Kanal (18) das
expandierbare Bauelement (10) irreversi-
bel expandiert wird und man eine Druckbe-
festigung in der Knochendffnung erhalt,
und

einen Halter (70) zum Halten des Befesti-
gungsmittels fir den Einbau in die Kno-
chendffnung, wobei der Halter (70) an dem
expandierbaren Element durch ein Befesti-
gungsmittel befestigt ist, das so beschaf-
fenist, dass sich der Halter bei Anwendung
einer selektiven Kraft auf den Halter (70)
von dem expandierbaren Bauelement (10)
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axial loslost,

dadurch gekennzeichnet, dass das Befesti-
gungsmittel eine ringférmige zerbrechliche Mem-
bran (84) ist, die so gestaltet ist, dass sie sich unter
Spannung bei Anwendung einer axialen selektiven
Kraft auf den Halter (70) dehnt und bricht.

Vorrichtung gemaf Anspruch 1, worin der Weg (40)
zum Eingriff mit einem Nahtmaterial einen Kanal
(40, 50) umfasst, der sich zum Durchgang eines
Nahtmaterials vollstandig oder teilweise durch das
Einfiihrungselement erstreckt, oder eine Struktur
umfasst wie eine Wand (43) oder einen Spalt zum
Halten eines Knotens (44) in dem Nahtmaterial,
oder eine Haltevorrichtung zum Halten des Naht-
materials.

Vorrichtung gemaf Anspruch 1, worin das Einfih-
rungselement (34) im wesentlichen die Form einer
Niete (58) besitzt, zur Bindung eines Gegenstands
an einen Knochen, wobei die Niete (58) ein radial
vorspringendes Teilstick (60) zum Verankern des
Objektes besitzt.

Vorrichtung gemaR einem der vorangehenden An-
spriiche, weiterhin umfassend eine Unterlegschei-
be (62) mit einer Rundbohrung (64), wobei die Un-
terlegscheibe (62) das Einfihrungselement (34)
umschliel3t, wahlweise in einer beweglichen Ver-
knupfung, worin die Rundbohrung (64) und das Ein-
fuhrungselement (34) verschiedene Krimmungsra-
dien haben, so dass sich die Unterlegscheibe (62)
an die Orientierung der Knochenoberflache anpas-
sen kann.

Vorrichtung gemaf Anspruch 4, worin die Unterleg-
scheibe (62) eine oder mehrere mit Zwischenraum
angeordnete Vorspriinge (67) umfasst, die entwe-
der in den Knochen oder in das zum Knochen di-
stale Gewebe eingreifen und der Unterlegscheibe
(62) eine greifende Oberflache verschaffen, oder
worin die Unterlegscheibe (62) ein Mittel zur Erho-
hung der Gewebeproliferation darauf umfasst.

Vorrichtung gemal den vorangehenden Anspri-
chen, worin das Einfiihrungselement (34) zum kon-
tinuierlichen axialen Vorschub in den axialen Kanal
(18) des expandierbaren Elementes (10) hergerich-
tet ist.

Vorrichtung gemal den vorangehenden Anspri-
chen, worin das Befestigungsmittel ein biokompati-
bles Material umfasst.

Vorrichtung gemal den vorangehenden Anspri-
chen, worin der Halter (70) das Befestigungsmittel
mittels einer Gewindebefestigung, einer Schnapp-
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befestigung, einer Pressbefestigung oder mittels ei-
ner oder mehrerer Vorspriinge (76) und Arretierun-
gen (73) festhalt.

Revendications

1.

Dispositif de couplage d'un objet a un os,
comprenant :

une attache, comprenant :

un élément expansible sensiblement cylin-
drique (10) pour l'insertion dans une ouver-
ture dans un os, ayant un canal axial (18)
s'étendant au moins partiellement atravers
celui-ci, et comprenant facultativement des
bords (16) pour I'engagement avec la paroi
de l'ouverture de I'os, et

un élément d'insertion (34) comprenant
des moyens (40) pour I'engagement avec
une suture, au moins une partie de I'élé-
ment d'insertion (34) ayant un diametre ex-
terne supérieur a un diamétre du canal
axial (18) de I'élément expansible (10), de
sorte que lors de l'insertion de I'élément
d'insertion (34) dans le canal axial (18),
I'élément expansible (10) est déployé de
maniére irréversible pour obtenir un ajus-
tement par pression dans Il'ouverture de
I'os, et un support (70) congu pour suppor-
ter I'attache destinée a étre placée dans
I'ouverture de l'os, le support (70) étant lié
a I'élément expansible par des moyens de
fixation arrangés pour libérer axialement le
support de I'élément expansible (10) lors
de l'application d'une force sélective au
support (70) ; caractérisé en ce que les
moyens de fixation sont une membrane
annulaire pouvant se rompre (84) configu-
rée pour s'allonger et se briser sous ten-
sion lors de I'application d'une force sélec-
tive axiale au support (70).

Dispositif selon la revendication 1, dans lequel les
moyens (40) pour I'engagement avec une suture
comprennent un canal (40, 50) s'étendant totale-
ment ou partiellement a travers les éléments d'in-
sertion pour le passage d'une suture, ou d'une
structure telle qu'une paroi (43), ou une fente con-
cue pour engager un noeud (44) dans la suture, ou
une attache pour engager la suture.

Dispositif selon larevendication 1, dans lequel I'é1é-
ment d'insertion (34) est sensiblement sous la for-
me d'un rivet (58) destiné a coupler un objet a l'os ;
le rivet (68) ayant une partie se projetant radiale-
ment (60) pour ancrer I'objet.
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4. Dispositif selon I'une quelconque des revendica-

tions précédentes, comprenant en outre une ron-
delle (62) ayant un trou annulaire (64), dans lequel
la rondelle (62) est disposée autour de I'élément
d'insertion (34), facultativement en une relation flot-
tante dans laquelle le trou annulaire (64) et I'élé-
ment d'insertion (34) ont des rayons de courbure
différents de telle sorte que la rondelle (62) puisse
se conformer a I'orientation d'une surface osseuse.

Dispositif selon la revendication 4, dans lequel la
rondelle (62) comprend une ou plusieurs projec-
tions espacées (67) qui engage(nt) soit I'os soit un
tissu distal par rapport a I'os et qui fourni(ssen)t une
surface d'agrippement pour la rondelle (62), ou
dans lequel la rondelle (62) comprend des moyens
destinés a améliorer la prolifération du tissu sur
Ceux-ci.

Dispositif selon I'une quelconque des revendica-
tions précédentes, dans lequel I'élément d'insertion
(34) est congu pour étre continuellement axiale-
ment avancé dans le canal axial (18) de I'élément
expansible (10).

Dispositif selon I'une quelconque des revendica-
tions précédentes, dans lequel I'attache comprend
un matériau biocompatible.

Dispositif selon I'une quelconque des revendica-
tions précédentes, dans lequel le support (70) sup-
porte l'attache via un ajustement par vis, un ajuste-
ment encliquetable, un ajustement par pression ou
via une ou plusieurs projections (76) et cliquets
(73).



EP 0 732 897 B1

I8 1319

38 37
36 [ -__./__/_[/_.kz-/__///f_/35
43_|me———— —-' v

34" 40

16



EP 0 732 897 B1

FIG.8

17



EP 0 732 897 B1

63 66 60
9
/
N 62
64 N 65
68
I8 67 ’
33
10 58
69
40
FIG. 9
e, 72 70
3 1310 14 Vo e e e S
f 'YH—T ===y 73— =11

18




EP 0 732 897 B1

70

FIG.

FIG. 12

19



EP 0 732 897 B1

¢l 914

A

14

20



EP 0 732 897 B1

FIG. I8

"‘l‘“’

Cauhih Yoo >L.

) Qi\-\&\

FIG. [T

FIG. 14

21



EP 0 732 897 B1

tel

GI Ol

22l

6

4
7 a a
A, S, SRSy AT LS
— o e - - - - - prinairusprdprodual suigeapedrgreghg-mpegumiugeeepep gt P i - o -
e o s e S S avu W oo - = < ~P N "
yd » 4
AR AR ARV RVLRARRLE AR VRS S — qm

{ J 8
_ 001 w1 06 0L
62l 10l ¢2i

22



150

120

mww— 152

148
)

520

 o—

192

124

EP 0 732 897 B1

23



	bibliography
	description
	claims
	drawings

